Recent seismic studies using a high-gain seismograph network have demonstrated the existence of a double-planed seismic zone in the descending plate beneath island arcs such as northeastern Japan, Kurile, and Central Aleutian. Several hypotheses in terms of plate unbending, phase changes, mechanical models have been proposed to explain the characteristic features of the doubleplaned structure. This paper presents a new hypothesis that thermal stress due to non-uniform temperature distribution in the descending plate is the main causative force for genesis of earthquakes in the double-planed seismic zone.
Introduction
Owing to the dense distribution of local seismographic stations and developments in techniques of observation and analysis, the high quality of data provides us with a detailed understanding of the nature of intermediate depth earthquakes
as well as shallow ones. UMINO and HASEGAWA (1975) , TAKAGI et al. (1977), and HASEGAWA et al. (1978a, b) showed that the so-called Wadati-Benioff zone beneath the northeastern Japan arc is composed double seismic planes. (TSUMURA, 1973; SUZUKI et al., 1983) , Kurile (VEITH, 1974) , and Aleutian (ENGDAHL and SCHOLZ, 1977) , although they are not as definitively clear as in northeastern Japan. Therefore, the double-planed structure is taken to be a general feature in some subduction zones.
Several ideas to explain the double-planed seismic zone, as well as the characteristics of its source mechanism, have been proposed so far. VEITH (1974) proposed a qualitative interpretation by phase change from olivine to spinel. ENGDAHL and SCHOLZ (1977) , ISACKS and BARAZANGI (1977) , LINDE and SACKS (1978, 1979) , and TSUKAHARA (1980) stated that the double-planed zone reflects the stress due to bending and unbending effects in the descending slab. The stress due to the plate sagging into surrounding asthenosphere was discussed by SLEEP (1979) as a cause. The present writers proposed thermal stress by non-uniform temperature distribution within the plate as the main cause of observed double-planed seismicity (HAMAGUCHI and GOTO, 1978; SEGAWA et al., 1982; GOTO and HAMAGUCHI, 1983) . Although the comparison and combination of these proposed ideas will be made in detail in another paper (GOTO et al., 1983) , some cause among them produces only negligibly small stress compared to others, and the validity of some other causes is essentially dependent on assumed models and values of parameters. Therefore, in the opinion of the present authors, the thermal stress is of more importance than others in many aspects at least for intermediate-depth earthquakes.
The aim of this paper is to elucidate how the thermally induced stress can explain the observed features of double-planed seismic zone taking the intermediate depth events in northeastern Japan as a typical case. Only the analytical solution of the problem based on simple assumptions will be described here for the sake of simplicity, and the examination on effects of these simple assumptions will be made in another paper (GOTO et al., 1983) based on calculations in a more realistic case.
A new parameter representing the ratio of deviatric stress to confining pressure is introduced to connect the stress state with seismic activity, because the intermediate-depth earthquakes occur under high pressure and temperature, where the criterion of brittle fracture should be controlled mostly by deviatric stress.
The distribution of the parameter is compared with observed seismological features mainly for a typical case of northeastern Japan.
Finally, the validity of the idea of thermal stress as the cause of brittle fracture is discussed based on icequake observations and acoustic emission experiments.
Temperature Distribution in the Descending Plate
Since the cold oceanic lithosphere thrusting under the continental plate is surrounded by hotter mantle, the plate is heated at both upper and lower boundaries and a non-uniform temperature distribution is generated within the plate and it results in thermal stress. Figure 1 illustrates the orthogonal coordinates 0-xyz adopted in the calculation.
The x axis is taken parallel to the dip direction of the descending plate and the y axis coincides with the strike of the oceanic trench which is indicated by a reverse triangle in the figure. 
